We report here the expression pattern of Nkx3.1, a murine homolog of Drosophila bagpipe, in different stages of embryos and in neonates. Nkx3.1 was expressed in paraxial mesoderm at day 7.5 p.c., in the somite by day 8.0 p.c. and in a subset of vascular smooth muscle cells by day 9.5 p.c. In later stage embryos and neonates, Nkx3.1 was expressed in subpopulations of epithelial cells, particularly in epithelial outgrowths. Nkx3.1 was also expressed in restricted regions of the central nervous system. q
Results
Nkx3.1 is a murine homolog of Nk3/bagpipe, whose disruption causes severe defects in visceral mesoderm formation in Drosophila (Azpiazu and Frasch, 1993) . Although expression of Nkx3.1 in the male reproductive system was reported (Bieberich et al., 1996; Sciavolino et al., 1997) , little is known about the expression pattern of Nkx3.1 in other organs at different points of development.
To determine the expression pattern of Nkx3.1 at early stages of development, we performed a series of in situ hybridizations of mouse embryos beginning at day 6.5 p.c. (post coitum). No transcripts for Nkx3.1 were detected by day 7.0 p.c. (data not shown). Nkx3.1 started to be expressed in the paraxial mesoderm adjacent to the neural fold at day 7.5 p.c. (Fig. 1A) . Whole mount in situ hybridization of embryos at day 8.5 p.c. showed segmental expression of Nkx3.1 in the ®rst eight or nine somites (Fig. 1B) . Expression of Nkx3.1 proceeded caudally in parallel with somite maturation (day 9.5 p.c., Fig. 1C,D) and at day 10.5 p.c. Nkx3.1 was only expressed in the most caudal somites (Fig. 1E) .
To further characterize Nkx3.1 positive cells in the somitic region, we compared expression patterns of Nkx3.1 and myf5 in serial sections of a day 9.5 p.c. embryo. Nkx3.1 expression domain was located more medially than that of myf5, whose expression marks the myotome (Fig. 1F,G) . This indicates that Nkx3.1 is expressed in the sclerotome. At day 9.5 p.c., Nkx3.1 expression was also observed in the dorsal aorta (Fig. 1F ). Nkx3.1 expressing cells in the dorsal aorta were located adjacent to cells expressing PECAM-1, a marker for endothelial cells (Fig. 1H,I ). This suggests that cells expressing Nkx3.1 in the dorsal aorta were not endothelial cells. Moreover, in situ hybridization using probes for Nkx3.1 and smooth muscle myosin heavy chain (SM-MHC) showed coexpression of these genes in the dorsal aorta at day 11.5 p.c., indicating that Nkx3.1 is expressed in vascular smooth muscle cells (Fig. 1J±L) . However, Nkx3.1 expression in vascular smooth muscle cells was restricted to the caudal region of the dorsal aorta (data not shown). This result indicated that Nkx3.1 marks a subpopulation of vascular smooth muscle cells at this stage.
Nkx3.1 expression was observed in the distal epithelium of the tongue and in Rathke's pouch (anterior pituitary) at day 12.5 p.c. (Fig. 2B,C) . By day 13.5 p.c., expression of Nkx3.1 was also detected in tooth buds (Fig. 2C,E ). Nkx3.1 continued to be expressed in the abdominal aorta through day 11.5 p.c. to day 15.5 p.c. (Fig. 2A,D) . Although Nkx3.1 was not expressed in the thoracic aorta, transcripts for Nkx3.1 were also detected in the vertebral vessels at day 12.5 p.c. (Fig. 2A) , in the carotid vessel at day 13.5 p.c. (Fig. 2C ) and in arcuate and interlobular arteries of the kidney at day 15.5 p.c. (Fig. 2F) . By day 14.5 p.c., expression of Nkx3.1 was also observed in outbuddings of the urogenital sinus (Fig. 2G) , as reported previously (Sciavolino et al., 1997) .
In neonates, Nkx3.1 expression was observed in palatine glands (Fig. 2H) , developing prostate (Fig. 2L) , the epithelial root sheath of the tooth (Fig. 2J ) and epithelial hair sheath (Fig. 2K ). In the nervous system, Nkx3.1 was expressed in the olfactory lobe (Fig. 2L) , olfactory epithelial cells (Fig. 2L ) and the cerebellar cortex (data not shown). In the adult brain, Nkx3.1 expression was also observed in the hippocampus (Fig. 2M ) and in the external granular layer of the cerebral cortex (Fig. 2N) . Expression of Nkx3.1 was also observed in the interlobular arteries of the kidney (data not shown).
In summary, (1) Nkx3.1 is an early marker of the sclerotome and a subset of vascular smooth muscle cells, (2) Nkx3.1 is expressed in outgrowths of epithelial cells, such as prostate, tooth buds, palatine glands and epithelial hair sheath, (3) Nkx3.1 is expressed in ectodermal epithelial cells, such as tongue epithelial cells and olfactory epithelial cells, and (4) Nkx3.1 is expressed in restricted regions of the central nervous system, such as Rathke's pouch, olfactory lobe, hippocampus, cerebral cortex and cerebellar cortex.
Another homolog of bagpipe, Bapx1, was reported to be expressed in the gut mesoderm and in the sclerotome (Tribioli et al., 1997) . In terms of expression pattern, Bapx-1 is closer to bagpipe than Nkx3.1. However, the linkage of Nkx3.1 with Nkx2.6 in the mouse chromosome (Komuro, Inagaki and Izumo, unpublished data) is reminiscent of the linkage of bagpipe and tinman in the Drosophila genome (Azpiazu and Frasch, 1993) . This suggests that Nkx3.1 is likely to be a homolog of bagpipe, but it seems to have acquired different expression domains during evolution from its ancestral Nk3/bagpipe like gene.
Materials and methods

In situ hybridization
Embryos were ®xed in 4% paraformaldehyde at 48C overnight, dehydrated through graded ethanol and xylene and embedded in paraf®n wax. Sections of 6 mm thickness were hybridized with 35 S-CTP labeled riboprobe, treated with RNase-A, washed, and dehydrated through graded ethanol, and emulsion autoradiography was performed (Lyons et al., 1990 ). The Nkx3.1 riboprobe comprised nucleotides 198±1847. A Nkx3.1 cRNA probe comprising nucleotides 1052±1847 was also tested to rule out the possibility of cross hybridization with other NK genes. Both probes gave identical results. A probe for myf5 was a kind gift from Andrew Lassar. Whole mount in situ hybridization was performed using digoxygenin-labeled RNA probe as described (Wilkinson, 1992) .
Immunohistochemistry
Paraf®n sections were dewaxed, rehydrated and incubated with anti-PECAM-1 antibody (Pharmingen, CA) at 48C overnight. After washing in PBS, tissue sections were incubated with biotinylated anti-rat IgG and ABC reagent (Vector, CA). Peroxidase was detected with 3,3
H -diaminobenzidine and sections were counter-stained with methylgreen.
